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ABSTRACT 

Sockeye salmon Oncor-17yncl7zrs tzer-ka span ing  escapements into four river systems of Upper 
Cook Inlet. Alaska, were estimated using side-scanning sonar equipment. Estimated sockeye 
salmon escapements were 767.555 into the Kenai River, 273,213 into the Kasilof River. 62.257 
into the Crescent River, and 119,623 into the Yentna River. Indices of escapements of other 
salmon species into the Yentna River were also obtained by sonar: 155,193 pink 0. gorbuscha. 
10.212 chum 0. keta, and 24,769 coho 0. kitsutch salmon. Sockeye salmon in the Kenai Ehver 
were primarily distributed within three age classes: 1.3 (40.7%); 1.2 (27.1%); and 2.3(13.9%). 
Kasilof River sockeye salmon were primarily age: 1.2 (39.7%); 1.3 (28.1%); and 2.2 (22.2%). 
Age-1.3 sockeye salmon were the most abundant (44.5 %) age class in the Crescent River, followed 
by age classes 2.3 (35.2%) and 2.2 (10. 1%). Yentna River sockeye salmon were primarily age: 1.3 
(62.7%), 1.2 (15.7 %), and 2.3 (10.5%). Length and sex ratio data were collected for sockeye 
salmon in each river. Sockeye salmon migration routes in all rivers were near shore. Hourly peak 
salmon counts were typically recorded during the late morning and afternoon in the Kenai Ever. 
The Kasilof River north bank hourly peak counts occurred in the exly morning while hourly peak 
counts for the south bank occurred in the late morning and early afternoon. Peak hourly counts in 
the Crescent River were related to the post meridiem high tides. Peak hourly counts for the Uentna 
River began at 2400 h and then decreased until mid-afternoon, when counts increased. 

KEY W O W S :  Alaska, Cook Inlet, salmon, Kcnai River, Kasilof River, Crescent River, 
Uentna River, Susitna River, age/sex/size, sonar, escapement enumeration 



INTRODUCTION 

Pnor to 1968. sockeye salmon escapement estimates in Upper Cook Inlet (UCI). Alaska (Figure 1) 
were based on surveys of clear water spawning areas and provided no infomiation about the 
distribution or number of sockeye salmon which spawned in glacially occluded waters (King and 
Davis 1989). Commercial and recreational fishery management efforts were further hampered by 
lack of daily and cumulative estimates of escapement. These constraints were significantly reduced 
by the development of hydroacoustic techniques to enumerate sockeye salmon in some glacial 
tributaries of UCI. Hydroacoustic enumeration of escapement began on the Kenai and Kasilof 
Rivers in 1968, was expanded to the Susitna River in 1978 and to the Crescent River in 1980. The 
Susitna River counting site was abandoned in 1985. and counting operations began on the Yentna 
River, a major tributary of the Susitna River, in 1986. Results of escapement enumeration studies 
were documented by Davis (1997), Davis and King (1993, 1994, 1995, and 1996), Davis et al. 
(1993), King (1990), King and Davis (1989, 1992), King and Tarbox (1984, 1986, 1987, 1988, 
1989a. 1990 and 1991), King et al. (1989b, 1992), Namtvedt et al. (1979), Tarbox et al. (1981, 
1983), and Waltemyer et al. (1980). 

The program objectives of UCI escapement projects in 1998 were to estimate: (1) the daily and 
cumulative number of sockeye salmon entering the Kenai, Kasilof, Crescent, and Yentna Rivers; 
and (2) the age, lengrh, and sex composition of those escapements. Indices of abundance were also 
obtained for Yenina River pink, chum and coho salmon. 

Bendix Corporation1 side-scanning sonar counters described by King and Tarbox (1989a), Gaudet 
(1983) and Bendix Corp. (1980 and 1984) were used to enumerate salmon escapements. Pulse 
width was 100 ms and the frequency was 515 Khz. Two- and four-degree transducer elements 
were multiplexed in an alternating mode. The counting threshold was preset at approximately -38 
db by the manufacturer. However, tests with a standard target of 4 l d B  typically saturated the 
counters, indicating the counting threshold to be lower than -38dB. The pulse repetition rate was 
variable. Counters were operated without artificial substrates in the Kenai, Crescent and Yentna 
Rivers. A technical consultant tested the counters for proper operation prior to deployment, and 
reinspected counters when migrating fish densities neared maximum levels in each river system (A. 
Menin, Hydroacoustic Consulting, Sylmar, CA). 

'Use of a company's name does not constitute product endorsement. 



Project operational dates were: 1 July through 9 August on the Kenai kver:  15 June through 8 
August on the Kasilof River; 27 June through 7 August on the Crescent River; and 7 July tluougll 
21 August on the Yentna River. Counting operations ceased when daily counts were < 1% of the 
cumulative count for 3 consecutive days, or when budgetary considerations mandated cessaticn of 
counting activities. Kenai and Kasilof River counting operation cessation criteria were not 
instituted until cessation of continuous commercial fishing. Yentna FWer counting operations 
continued past the historical termination date. 

Raw hourly output data were edited to account for debris, bottom echoes, or other sources of [Ion- 
fish counts. Hourly sonar counts by day were entered into a data-base program which calculated a 
daily average hourly count for inshore (1-6) and offshore (7-12) sonar sectors by 

Ca = Cb/N, (1) 
where: 

Ca = average count per sector per hour; 
Cb = valid hourly counts for all inshore or offshore sectors; and 
N = number of sector per hour units which contained only valid counts. 

The average count was then substituted into any sector/hour block where counts were deleted 
through editing. Sonar counts collected fiom the north bank of the Crescent River received the 
same treatment but calculations were made manually and computer entry of data occurred post- 
season. The daily average hourly count for the south bank of the Crescent River was calculated for 
each sector by: 

where: 

Cc = average count per sector per hour for the Crescent River south bank; 
Cd = valid Crescent River south bank hourly counts per sector; and 
N = number of hour units per sector whch contained only valid counts. 

All counts recorded on the south bank at Crescent River occurred in sectors one (98.3%) and two 
(1.7%) of the counting range. Printer skips (treated as false counts) regularly occurred in sectors 
one through six. Hourly averages for each sector were substituted where skips occurred or counts 
were deleted. Because of the spacial distribution of fish migrating adjacent to this bank, the method 
used for the treatment of false counts provided a more accurate estimate of daily escapement 
because it did not place a high hourly average count derived from sector one or two into sectors 
where very few targets were detected. Both banks were treated in this manner at Crescent Rwer. 

Temporal and spacial behavior of sockeye salmon was assessed by examining distribution of fish 
by sector, hourly passage rate, bank preference, and cumulative proportion of sonar counts by day. 

The ensonified area for the counter operated on the north bank of the Crescent River was 4.6 m to 
4.9 m and for the south bank 18.2 m to 24.4 m. The ensonified area for the north bank of the Kenai 



River was 10.9 m to 18.3 rn and 3.6 rn to 5.9 m on the south bank. Ensonified areas at the Kaiicf 
River ranged from 14.3 m to 17.7 n~ on the north bank and 12.1 m to 14.5 m on the south bank. In 
the Yentna fiver, ensonified areas for the north bank were 5.8 m to 7.3 m. On the south bank Gsh 
were counted between 5.8 m and 7.3 m. Reported ranges encompassed the period when 80% 
(10%-90%) of the run occurred and the maximum counting range empioyed was used for 
descriptive purposes. Transducer distance fiom shore varied among systems and is not reflected in 
the reported counting range. 

Transducer orientation was accomplished by remotely controlled rotators except on the Kasilof 
River and the south bank of the Kenai River. Correct orientation of the acoustic axis was tested 
periodically by the use of an artificial target. A sealed plastic sphere was weighted and moved 
through the ensonified area at various distances from the transducer. Simultaneous detection of the 
target by the counter and visual recognition on an oscilloscope verified correct axis orientation. 
Transducers were moved nearer shore as water depth increased, except in the Kenai and Crescent 
Rivers where transducer repositioning was not necessary due to high flow regimes at the beginning 
of counting operations. Fish passage between (behind) the transducers and the bank was prevented 
by the use of weirs. 

Counters were generally monitored throughout the 24-h period on the Kenai River and 0700-2400 h 
on the Kasilof fiver. At Crescent River counters were monitored throughout the day, but 
observations were concentrated during the late afternoon and evening hours when passage rates 
were LL their daily peaks. Yentna Rivers counters were monitored 0600-2400 h. In addition to 
regularly scheduled monitoring, intensified monitoring was conducted during episodic fish passage. 
In all cases, visual counts from an oscilloscope were compared to the counts accumulated by the 
counter during a minimum 10-min period or for a minimum oscilloscope count of 100 fish. During 
periods of low density passage (-400 fish per hour), Kenai and Yentna River oscilloscope/counter 
observations were made at a minimum of 1 h per bank each day. When passage rates reached 500 
fish per hour, minimum observation time increased to 2 h per bank per day. Kasilof and Crescent 
River counters were monitored for a minimum of 2 h per bank per day. If a relative error greater 
than 20% occurred between targets counted on the oscilloscope and targets recorded by the counter, 
counter adjustments were made to reduce the relative error. However, operators typically made 
adjustments to the counters to accommodate for less than 20% relative error. The basic counter 
adjustment consisted of changing the pulse repetition rate. 

Information used to estimate species composition of sonar counts, and age, length, and sex 
composition of sockeye salmon escapements was obtained from salmon captured in fish wheels. 
Fish wheels were located on the north banks of the Kenai, Kasilof, and Crescent Rivers (1 at each 
site), and on both banks of the Yentna fiver. Fish wheels were operated 24 h per day at Crescent 
River, up to 24 h per day at Yentna River, and during daylight hours at the Kasilof River. The 
Kenai River fish wheel was typically operated during evening hours when the passage rate and 
proximity to shore of migrating sockeye salmon maximized capture rate. The fish wheel was 
generally stopped when operators estimated the minimum sample size required to provide age, sex 
and length data had been attained. Fish wheel catches at the Yentna River site were expanded for 
each 24 h period based on the hourly catch rate during the hours of operation by 



Fd = (FkrH) 24. 
where: 

Fd = expanded fish wheel catch for 24 hours; 
Fh = fish wheel catch for hours operated; and 
H = hours fish wheel operated. 

Prior to 3 August all sonar counts in the Kenai River were treated as sockeye salmon. Kasilof 
River sonar counts were treated as sockeye salmon. In the Yentna River, daily fish wheel catches 
were grouped into sample sizes of at least 150 salmon to apportion sonar counts. The fish wheel at 
Crescent River was operated for 24 h, so actual (not adjusted to 24 h) fish wheel catches were used 
to apportion sonar counts there. Because of their size and number, Dolly Varden char were 
included in sonar count apportionment at Crescent River. 

Factors influencing the accuracy of escapement estimates for pink, coho, chum, and chmook 
salmon in the Yentna River were discussed by Tarbox et al. (1981, 1983). Counts apportioned to 
these species in 1998 were considered to be index counts. 

Sample sizes for estimating sockeye salmon age composition were based on methods for estimating 
multinomial proportions developed by Thompson (1987). Minimum sample sizes were calculated 
so that the estimated proportion of each major age class was within 5 % of the true proportion 90 % 
of the time. Previous years' age composition proportions were analyzed to determine adequate 
sample sizes for a variety of age class ratios. The largest sample size calculated in this manner was 
chosen as a minimum sample size for 1998. The minimum sample size was increased by 10% to 
account for unreadable scales, and this number was used as the total sample size required. Sockeye 
salmon scale samples were collected daily from the Kenai, Kasilof, Crescent, and Yentna Rivers. 
The number of salmon sampled for age composition per day was based on a percentage of the 
previous day's escapement count. These percentages were calculated by dividing the total season 
sample size by the anticipated total escapement. 

Mid-eye to fork'of-tail length (rnrn) and sex were also recorded for all sockeye salmon sampled. 
Sex ratios and mean lengths were calculated by grouping all samples together regardless of type or 
timing of sampling. Age classes, which were 210% of the total escapement in each river were 
included in the age and length composition tables. 

RESULTS 

Kenai River 

An estimated 767,558 sockeye salmon migrated past the Kenai River sonar site (Table 1) from 1 
July through 13 August. The desired in-river goal range for this drainage is 550,000-825,000 
sockeye salmon. The biological escapement goal (number of spawners) is 330,000-600,000 
sockeye salmon. Historical estimates of sockeye salmon spawning escapement (sonar count minus 



sport han est abol e the Soldotna Bridge) nere made through 1996. but no estimate was made f ~ r  
1998 (Table 2). A total of 67.727 sockeye salmon were passed at the Hidden Lake weir. The late- 
run Russian fiver socke;,e salmon escapement totaled 135.073 fish (Table 3). 

Eighty percent of the sockeye salmon escapement passed the sonar counters in 22 d (Table 4; mean 
= 30 d; range for 1979-98 = 6-39 d). The midpoint of the escapement was 28 July. Peak counts 
occurred on 2 August when 67,820 targets were detected (Table 5). Sockeye salmon migration 
along the north bank of the river accounted for 55.0% of the total escapement (Table 6). There 
were four distinct peaks in the daily numbers of fish passing the counters (Figure 2). 

Most (83.8%) of the salmon migration adjacent to the north bank was wi t ln  7.5 m of the 
transducer. Salmon distribution adjacent to the south bank was more shore oriented (Figure 3), 
with 84.6% of the counts w i t l n  3.0 m of the transducer. 

Salmon passage by the north bank counter was inconsistent over the 24-h period, with 0300-1 800h 
at or below the 4.2% for a constant passage rzte, except 1200-1300h which slightly exceeded 4.2%. 
Passage rates 2100-0200h exceeded the 4.2% for a constant passage rate. Fish passage during the 
hours when fish passage exceeded the 4.2% per hour rate accounted for 40.8% of the bank total 
(Figure 45). This pattern of fish passage was more pronounced on the south bank, where 70.0% of 
the fish migrated past the counter during the 1400-0 100 h period. 

Actual fish wheel catch was 7,755 sockeye salmon (Table 7), from which 700 scale samples, sex 
determinations, and lengths were obtained. The largest component (40.7%) of the sockeye salmon 
escapement was age- 1.3 fish, followed by - 1.2 (27.1 %) and -2.3 fish (1 3.9%-Table 8). Mean length 
by sex was within historical bounds for age-1.3 fish. Male age-1.2 fish nearly equaled the smallest 
(lrnm difference) to appear in the historical database, but females for this age class were within 
historical bounds. Age-2.3 lengths were within historical bounds but were on the low end of the 
range (Table 9). The male-to-female ratios fell withn historical bounds. Female spawners of the 
major age classes constituted 49.5% of the total escapement. 

Age-1.3 and -2.3 sockeye salmon were bound primarily for Quartz Creek, Tern Lake, the mainstem 
river, and the shorelines and outlets of Kenai and Skilak Lakes. Late-mn sockeye salmon bound for 
Russian River (above the falls) were predominantly age-2.2 (37.3%), -2.1 (35.9%), and -2.3 
(17.4%) fish (Athons 1998), while those bound for Hidden Lake were predominantly (82.6%) age 
1.2 (Fandrei 1 998a). 

Kasilo f River 

A total of 273,213 sockeye salmon were counted at the Kasilof River sonar site from 15 June 
through 8 August (Table 10). The desired escapement range for this system is 150,000-250,000 
sockeye salmon. Brood stock for artificial propagation at the Crooked Creek Hatchery (9,963 fish) 
were taken fi-om Bear Creek (Fandrei 1998b, Table 11). The index area spawning escapement 
estimate for Bear Creek was 113,500 sockeye salmon (Table 12). 



The midpoint of the sockeye salmon escapement occurred on 16 July, 3 d later than the mean for 
the previous 19 years (range 1-22 July; Table 13). Eighty percent of the escapement occurred in 36 
d, 3 d greaier than the historical mean (1 979-97). 

Sixty-four percent of the salmon counts occurred on the south bank (Table 6). Spacial distribution 
adjacent to the north bank was near shore (Figure 6), where 87.0% of the salmon migrated within 
6.0 m of the transducer. Fish passage on the south bank was less shore oriented (83.3% of the 
salmon passed withn 10.8 m of the transducer). 

The average hourly passage rate on the north bank exceeded the average for a consistent passage 
rate (4.2%) between 0200-0800 h and 1300-1900 h (except 1500 h). Targets detected during these 
hours accounted for 59.4% of the total. Passage rates higher than the consistent passage rate 
adjacent to the south bank occurred between 0600-1500 h. Salmon counted during these hours 
accounted for 48.2% of the south bank total. Higher passage rates occurred during the early 
morning and morning hours (Figure 7). There was one major peak and several lesser peaks in daily 
passage of fish past the counting site (Figure 2). 

A total of 1,937 sockeye salmon were captured in the Kasilof River fish wheel (Table 14), of which 
857 were sampled for age, length, and sex characteristics. Age-1.2 (39.7%), -1.3 (28.1%), and -2.2 
(22.2%) sockeye salmon were the predominant age classes (Table 15). Mean lengths for the major 
age classes fell within historical bounds, but age -1.3 and -2,2 mean lengths were near the small end 
of the range (Table 16). Male-to-female ratios were within historical bounds. Female spawners 
comprised 50.5% of the sockeye salmon sampled. 

Crescent River 

A total of 67,476 fish targets were counted at the Crescent River sonar site from 27 June through 7 
August (Table 17). Sockeye salmon escapement was estimated to have been 62,257 fish or 92.3% 
of the total targets (Table 18). The desired sockeye salmon escapement goal for this system is 
50,000 to 100,000 fish. 

The midpoint of the sockeye salmon escapement occurred on 19 July, 2 d later than the date of the 
historical mean. Eighty percent of the escapement passed the site in 24 d, equal to the historical 
mean (Table 19). The peak in daily passage also occurred on 19 July. Run timing between banks 
was similar, but 70% of the fish migrated along the north bank (Table 6). 

Spacial distribution of fish targets was strongly shore oriented, with 97.8% of the counts within 1.2 
m of the transducer on the north bank and (Figure 8) and 100% of the south bank counts within 4.0 
m of the transducer. Three peaks in daily passage were observed (Figure 2). A greater than 
expected (4.2% of the daily total) passage rate occurred adjacent to the north bank from 1200-2200 
h (Figure 5), accounting for 75.6% of the bank total. On the south bank the highest hourly passage 
rates occurred between 1300-2300 h (Figure 9), accounting for 66.5% of the bank total. 



The Crescent Fhrer fish wheel was operated 24 h per day and captured 2.059 sockeyc salmon 
(Table 20). of which 577 were sampled for age. length. and sex data. Age-1 3 fish were 111r most 
abundant (44.5%), with other major components of the escapement represented by age-2.3 (35.2?'0), 
and -2.2 (10.1%; Table 21) fish. Mean lengths by ses for the major age classes viere \v;thin 
historical bounds (Table 22). The ratios of male-to-female fish were within historical bounds. 
Females accounted for 54.9% of the total sockeye salmon escapement. 

Crescent River hourly fish passage rates peaked during the afternoon and evening ho-us following 
high tides (Figure lo), but the association with post meridiem high tide was not as clearly evident as 
in previous years. 

Yen fna River 

From 7 July through 21 August, 3 10,302 salmon were counted at the Yentna River sonar site, of 
which an estimated 119,632 were sockeye salmon (Table 23). The escapement goal range for the 
Yentna River is 100,000-150,000 sockeye salmon. Sonar counts apportioned to species other than 
sockeye salmon were: pink salmon, 155,193; coho salmon, 24,769; chum salmon, 10,2 12; and 
chinook salmon, 505 (Table 24). Estimates of coho and chinook salmon escapements for other 
tributaries of the Susitna River were also made (Table 25). No estimates for pink or chum salmon 
were available for the Susitna Kiver above its confluence with the Yentna fiver. 

The midpoint of the sockeye salmon escapement occurred on 30 July, 6 d later than the date of the 
historical mean. Eighty percent of the escapement passed the counters in 18 d (Table 26). Run 
timing was not appreciably different by bank. In a departure from the historical trend, 5 1.1 % of the 
salmon migrated adjacent to the south bank (Table 6). 

Salmon passage was shore oriented (Figure 11). Of the salmon counted from the north bank, 
93.3% were within 7.8 rn of the transducer. On the south bank, 92.1% of the salmon were counted 
within 5.4 m of the transducer. 

Fish passage rates began to increase during afternoon hours and generally remained above the 4.2% 
required for a constant passage rate through the early morning hours (Figure 12). The seasonal 
hourly passage rate on the north bank met or exceeded the average for a constant hourly passage 
rate (4.2%) 1300-0400 h, except 1400 h and 1900 h (Figure 5). Counts accumulated during these 
hours accounted for 60.7% of the north bank total. On the south bank counts exceeded the 4.2% 
passage rate 1400 - 0200 h. Counts accumulated during these hours accounted for 62.1% of the 
bank total. There were two distinct peaks in the daily numbers of fish passing the counters (Figure 
2). 

A total of 24,203 sockeye salmon were captured in fish wheels at Yentna Station (Tables 27 and 
28), of which 1,500 were sampled for age, sex, and length data. The major components of the 
escapement were ages 1.3 (62.7%), 1.2 (15.7%), and 2.3 (10.5%; Table 29). Age-1.2 males were 
the largest, and age-1.2 females were equal to the second largest to appear in the historical range. 
Age-1.3 males were equal to the second smallest in the historical range. Age 1.3 females and both 



sexes of the 2.3 age class were the smallest recorded. Male-to-female ratios for all age classes fell 
~s ithin historical bounds (Table 30). Female spawners composed 52.1 % of the total sockq~e 
salmon escapement. 

Eighty percent of the pink salmon escapement occurred in 16 d, with the midpoint occurring on 28 
July (Table 3 1). Pink salmon run duration (80%) in the Yentna Rwer has ranged 9 to 21 d. 
Migratory timing has been remarkably consistent, with the midpoint occurring between 25 and 30 
July in 15 of the 17 years for which data are available. 

DISCUSSION 

The 1998 field season and sonar counting operations were similar to past years. Counting 
conditions on all rivers were thought to be within design and operational tolerances of the Bendix 
side-scanning sonar system because: 1) salmon passage was inshore and near the bottom during the 
peak of the run; 2) salmon densities were generally adequate for system adjustment; and, 3) one 
species, sockeye salmon, composed most of the run except in the Yentna River (36.9%). 

Kenai River 

Species apportionment of sonar counts was discontinued in 1995 because we perceived a potential 
problem in the apportionment process. A disproportionate number of non-sockeye salmon species 
appeared in the fish wheel catch. Additionally, we consider the numbers of fish of other species as 
insignificant during the time sockeye salmon are being counted under normal run timing 
circumstances. Salmon species other than sockeye salmon composed 1 .O% of the fish wheel catch 
in 1995 and 4.0% in 1996 (a pink salmon year). In 1997 protracted run timing caused extended 
counting operations, and species apportionment began on 13 August, resulting in 1.3% of the total 
fish targets being apportioned to species other than sockeye salmon. In 1998 apportionment of fish 
wheel counts began on 3 August when fish wheel catch of sockeye salmon began to decline and 
pink salmon began to increase. Counts apportioned to species other than sockeye accounted for 
1.97% if total targets. Counts of species other than sockeye salmon are of no value as index counts 
as extended run duration (coho salmon) and passage upstream outside the ensonified area (coho and 
chinook salmon) combine to limit the usefulness of these data. 

Kasilof River 

Run timing, counter limitations, and spawning locations relative to the sonar site made sonar 
escapement estimates for Kasilof River pink, coho, and chinook salmon impractical. Coho salmon 
entered the river primarily in August (G. Kyle, ADF&G, Soldotna, personal communication). The 
proportion of pink salmon was not known, but the average historical proportion of the pink salmon 
in the Kasilof River escapement is 1.9% (range 0.2-6.4%). Early- and late-run chinook salmon 
migrated past the sonar site during the time when sockeye were counted, but no counts were 



apportioned to this species. We believe that the ratio of sockeye salmon to chinook salmon 
captured in the fish wheel has been biased toward chinook salmon during the latter portion of the 
run. resulting in total chinook estimates that exceed the actual spawners passing the counting site. 
The error associated with apportionment of chinook salmon counts to sockeye salmon is more 
acceptable than an inflated chinook salmon estimate. 

Crescent River 

Prior to 1993, fish were collected for species composition with drifted gill nets and a fish trap. The 
installation of a fish wheel at Crescent River provided a larger sample size and probably reduced 
the degree of size selectivity inherent to the gear types formerly used. Dolly Varden char had not 
appeared in the catch in previous years, but appeared in the fish wheel catch in 1993 (Davis and 
King 1994). We determined that the char captured at Crescent River were of adequate sire to meet 
target detection thresholds of the counters and included them in the apportionment of daily sonar 
counts in 1993-98. We also concluded that these fish were migratory based on morphological 
characteristics and results of marhng all Dolly Varden char captured in 1993-95. Of the Dolly 
Varden char marked in 1993-95, none were recaptured. The high proportion (18.6% or 548 fish) of 
char in the fish wheel catch in 1994 led us to believe that the sockeye salmon escapement may have 
historically been overestimated. The proportion of char in 1993 (0.5%) and 1995 (0.7%) may be 
more indicative of the degree of historical over apportionment to sockeye salmon than the high 
proportion observed in 1994 (Davis and King 1994, 1995). In 1996, 3,487 sonar counts were 
apportioned to Dolly Varden char and chinook salmon, or 9.9% of the total. In 1997, 3,092 sonar 
counts were apportioned to Dolly Varden char and chinook salmon, or 3.5% of the total counts. In 
1998 only 0.82% of the fish wheel catch was Dolly Varden char. 

We concluded from the hourly passage rate that daily migration timing is probably related to tide 
stage, However, we have not observed a diurnal bimodal entry pattern into Crescent Fhver, so 
some other as yet unidentified variable(s) must also be influencing fish migration at this site. We 
have been unable to correlate fluctuations in water level or temperature to fish entry patterns into 
Crescent River. 

Yentna River 

King and Tarbox (1990) indicated sockeye and pink salmon exhibited differential migratory 
behavior in the Yentna River. They found that sockeye salmon were proportionally higher in the 
fish wheel catch 1200-2400 h and pink salmon were more frequently captured 0600-1200 h. This 
observation identified a potential source of error in the use of total daily adjusted fish wheel catches 
to apportion sonar counts. To overcome this potential bias, fish wheels catches used to apportion 
sonar counts were collected by operating the fish wheels in 4 time blocks of 6 h each over a 24 h 
period in 1993 and 1994. We determined that the degree of bias did not justify the additional 
expense of operating the fish wheels in this manner, and this method of fish wheel operation was 
discontinued in 1995. In 1997 a second fisheries research project was begun which required 
fishwheel operation 24 Wd, and fish sampling schedules reverted to the 1995 strategies. 



Enumeration activities ceased on the Yentna River on 7 August. Migratory timing infornlation 
could not be calculated for chum and coho salmon because migration continued past that date. The 
range for 1981-84=69.8%-92.0% (mean 78.7%) of the chum salmon escapement and 79.6%-89.9% 
(mean 84.8%) of the coho salmon escapement was recorded by 12 August (King and Tarbox 1986). 
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S\ stern 

a Includes counts after 22 June (1978-87) and after 1 July (1988-98). 
b Includes counts or estimates prior to 15 June (1983-88) and post enumeration estimates (1981-86). 

Sonar counts from Susitna Station unless otherwise indicated. 
d No counts conducted. 
" Sonar counts from Yentna Station only. 
f Sonar counts from Yentna Station and east bank of the Susitna River. 

Counts from Yentna Station and mark-recapture estimate from Sunshine Station. 
h Counts through 16 July only. 
i Combined counts from wiers on Bear and Glacier Flat Creeks and surveys of remaining spawning streams. m m m c x r s  



Table 2. Late-run Kenai River sockeye salmon escapement summary 1968-1998 

Estimated Estimated Estimated Estimated 
Escapement Russian River Kenai River Total Sonar Count 

at Sonar Sport Mainstem Harvest Above Less Sport 
Year Site" ~ a r v e s t ~  Sport Harvestc Sonar sited Harvest 

" Bendix Corp. multiple transducer sonar 1968- 1977, side-scanning sonar 1978-1998. 
b Based on creel census data from Sport Fish Division, Soldotna. 
" Sport Fish Division Statewide Harvest Estimate, above the Soldotna Bridge (and sonar site) only 
d Combined Russian River and mainstem (above bridge) harvests. 
" Sonar count less sport harvest reduced by 77,060 fish harvested by dip net at Hidden Creek. 
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F a b l e  3. Late-run sockeye  sa lmon  e scapemen t  coun t s  in e ight  index areas, Kena i  R ive r  d ramage  1969-1998 

Carter- Ten1 
Railroad Johnson Moose Ptarmigan (Mud) Quartz 

Year creekb creekb creek" creekb Lakeb Creekc 

Iiussian Rivern 
Total Index 

Hidden Above 
Laked Weir 

- 

Below Arca 
W e ~ r  ISscupe~nelit 

" 1969-75, ADF&G archives, Division of Sport Fish, Anchorage. 1976-98, Marsh, L., ADFScG, Division of Sport Fish, Soldotna 
United States Department of Agriculture, Forest Service, Seward, Alaska (I 984-92, 1994). 

"FRED Division weir count (1982-83). 
Weir count. 1971, 1973, 1976-89 (FRED Division); 1990-96 (Cook Inlet Aquaculture Association). 
Carter-Moose Creek survey conducted on lower I .O mile of creek, Ptarmigan Creek survey conducted on lower I .5  miles of creek (I 99 I - 1992, 1994) 

'survey conducted on an unnamed stream at eastern end of Tern (Mud) Lake. 
'CFMScD ground survey, appx 10 milcs, Qtz. Cr substition to Kenai Lk.  

Fh ESCIDS SI.5 



Table 4. Cumulative proportion by date of sockeye salmon counts recorded in the Kenai River 1979 - 1998. 

Cumulative Proportiona 

Date 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 0 9  1090 I007 10c)X 

- Continued - 
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Table 4. (p.  2 of 2 )  

Cumulative Proportiona 

Date 9 7  1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1 0  0 0  I900 I007 1008 

30-Jul 
3 1 -Jut 

Ol-Aug 
02-Aug 
03-Aug 
04-Aug 
05-Aug 
06-Aug 
0 7 - A u ~  
OR-  Aug 
09-Aug 
I 0-Aug 
I l -Aug 
12-Aug 

0 13-Aug 
14-Aug 
15-Aug 
16-Aug 
17-Aug 
18-Aug 
19-Aug 
2 1 -Aug 
21-nug 
22-Aug 
23-Aug 
24-Aug 
25-Aug 
26-Aug 
27-Aug 
28-Aug 

O . ( , X X  
O . h V / I  
O(10X 
0 701 
0.705 
0.7OX 
0 717 
0.724 
0 73 7 
(1.738 
0 774 
0 7x4  
( I  nos 
0 81 I 
0 8-1 I 
0 8 5 0  
0 XOS 
0 87' 
0,803 
O , O O ~ !  
(1 919 
0.932 
0 94-1 
0 950 
(I (170 

0.98j 
I 0 0 0  

Midpoint 19-lul 19-Jul 14-JuI 21-Jul 9 - I  10-Jill 25-Jul 26-Jut 25-Jul 22-Jul 21-Jul 23-Iul 27-JLI! 25-lul 18-lui 01-Ang 31-11,l ? - l - . l l ~ l  19-11.11 X-J~II 

No. days 
for 80%" 12 6 18 12 18 14 16 12 14 25 2 3 18 15 2 5 2 6 3 1 3 1 2 I 3 0 2 2  

'l'roportion accruecl on last day (1981, 1982, 1984-1986, 1988) rrpreseilts that portion of thc escapelnorit eslin~alci! lo i~a \ ]e  rnrered the river ~ ~ f i e r  iernliiiatiorl 
of counting opera~iorls. 

h lncl~~sivc  dates: date propor t iu~~ o r  escaprmeiil reached 10% through date proportion of escapement reactled 90%. j ., ' >,,, c I,,, ,! , 



Table 5 .  Estimated salmon escapement into the Kenai River, 1 July through 13 August 1998 
Species composition of daily sonar counts based on fish wheel catches. 

Sockeve Pink Coho Chinook 

Date Daily Cum Daily Cum Dailv Cum . Dailv Cum 

Continued FN 98KE X ~ S  
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Table 5 (p .  3 o f  7) 

S o c k e ~ e  P ~ n h  Coho Chinook 

Date Daily Cum Daily Cum Daily Cum Daily Cum 



Table 6. Distribution of sockeye salmon escapement by bank recorded by side-scanning sonar in the Kensri, 
Kasiiof, Crescent, and Yentna Rivers 1979-1 998. 

Kenai River Kasilo f River Crescent River Yentna River 

Year North South North South North South North South 
Bank Bank Bank Bank Bank Bank Bank Bank 



Table 7 Daily fish wheel catch by specles for the north bank of the Kenat hve r .  2 July through 
13 August 1998 " 

Sockeye Pink Coho Chinook 

I-fours 
Date open 13aily C urn Daily C u m  Daily C u m  Daily Cum 

" Fish wheel catch adjusted for 24 h: (daily catch*24 h) 1 hours open. Adjusted catch by species: 53,012 sockeye 
salmon; 484 pink salmoq 523 coho salmon; 101 chinook salmon; 478 Dolly Varden char; 141 rainbow trout and 
19 white fish. 



Tdble S Age cornpositlon of soche\e salrnon collected in the kens Ib1.t.r 1970-1 998 

Percentage Compostion h!. Aye class"' ' 

Year 1.1 1 .Z 1.3 1 .-I 
Sarnple 

2.1 2.2 2.3 Other Size 

" Percentages weighted by total numbers in the escapement: 1978 (Bethe et al. 1980), 197 
1982, 1984-1998. 

b 1978-1997 from Waltemyer, ADF&G, Soldotna. 

' 1998 from Tobias, ADF&G, Soldotna. 



Table 9. Length composition of  the major age classes of  sockeye s a l n ~ o n  collected in the Kenai River 
1980-1998. Length measured from m i d - q e  to fork-of-tail." 

Male Female 

. 4 ~  e A\  e Ratio 
Age Length Stndrd Sample Length Stndrd Sample Male- 

Year Class (mm) Error Size (mnl) Error Size Female 



Table 9 (p. 2 of 2 )  

Male Female 

Ave Ave Ratio 
Age Length Stndrd Sample Length Stndrd Sample Male- 

Year Class (mm) Error Size (mm) Error Size Female 

" 1980-1 997 from Waltemyer, ADF&G, Soldotna. 
b 1998 from Tobias, ADF&G, Soldotna. 



Table 10. Estimated sockeye salmon escapement into the Kasilof River, 15 June 
through 8 August 1998. 

Date Daily Cum Date Daily . Cum 

FN 98KA XLS 



Table 1 1 Kas~lof RJ\ er soche~ e salnlon escapement estimates 1968- 1998 

Escapement Fish used for 
Estimated b!- Artificial Propagation Sonar Count 

Year Sonar Counta of Tusturnena ~ a k e ~  Less Egg Takec 

" Multiple transducer sonar counts rounded to the nearest thousand (1968-1978) from 

b 
Namtvedt et al. (1 979). 
From Cross et al. (1983): 1974-1980; FRED Div., Soldotna, Ak. files: 1981-1992; 
Fandrei, Cook Inlet Aquaculture Association: 1993-1 998. 

" Considered estimate of natural spawners above sonar site. 
d Combined counts from weirs on Bear and Glacier Flat Creeks and surveys of spawning 

streams. 
" Includes 290 fish not used for artificial propogation of Tustumena Lake, Fandrei (1995). 

Includes 550 fish not used for artificial propogation of Tusturnena Lake, Fandrei (1996). 
FN KAHIST XLS 



Table 12. Peak sockeye salmon escapement counts in seven index areas, Kasilof River drainage 1975- 1998. 

Year 

Glacier Tolal 
Nikolai Crystal Clear Flat Seepage Moose Bear Index 
Creeka Creeka Creek" creekb Creek" Creeka creek" Count" 

a Commercial Fisheries Division stream survey counts (1975-85); FRED Division stream survey counts (1982-92); U.S. Biological 
Service weir count (Nikolai Creek 1994). 

b FRED Division weir count, 1980-90, 1992. 1991 count is result of foot survey. 1993-98 counts are results of foot and aerial surveys 
and weir count, Cook Inlet Aquaculture Association, Gary Fandrei (personal communication). 
Counts standardized to common unit for years when entire stream not surveved. 
Flagg (1986). Numbers rounded to nearest I00 fish. 
' U.S. Biological Service weir count (Glacier Flat Creek 1994). 1994 Glacier Flat Creek count includes 10,347 sockeye salnlon passed 

through the weir and an estimated 3,000 sockeye salmon spawning downstream of the weir. PN ~ A ~ S C I U \  L L L  



Table 13. Cumulative proportion by date o f  salmon counts recorded in the Kasilof River 1979-1998. 

-- - - -- 

Culnulative Proportion4 

Date 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 I998 



Table 13. (p. 2 of 3) 

Date 

23-Jun 
24-Jun 
25-Jun 
26-Jun 
27-Jun 
28-Jun 
29-Jun 
30-Jun 
0 I -Jul 
02-Jul 
03-Jul 
04-Jul 
05-Jul 
06-Jul 
07-Jul 
08-JuI 
09-Jul 
10-Jul 
1 I-Jul 
12-Jul 
13-Jul 
14-Jul 
15-Jul 
16-Jul 
1 7-JuI 
18-Jul 
19-JuI 
20-Jul 
2 1 -Jul 
22-Jul 
23-Jul 
24-Jul 
25-Jul 
26-Jul 
27-Jul 
28-Jul 
29-Jul 
30-Jul 
3 1 -Jul 
01-Aug 

Cumulative Proportion" 

-- 

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 5 LO96 1W7 I Y j X  



Table 13. (p. 3 of 3) 

Cumulative Proportion". 

Date 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1097 I998 

02-Aug 0.963 0.900 0.886 0.881 0.982 0.973 0.898 0.901 0.966 1.000 0.987 0.943 0.956 0.938 0.820 0.968 
03-Aug 0.966 0.906 0.895 0.890 0.986 0.977 0.905 0.916 0.973 0.992 0.952 0 969 0.952 0.829 0.974 
04-Aug 0.969 0.915 1.000 0.898 0.990 0.983 0.916 0.924 0.978 0.996 0.959 0.984 0.969 0.836 0.980 
05-Aug 0.980 0.925 0.904 0.994 0.990 0.927 0.933 0.981 1.000 0.966 0.988 0.979 OX50 0 988 
06-Aug 0.983 0.932 0.909 0.997 0.993 0.943 0.941 0.987 0.972 0.993 0 984 U 872 0.992 
07-Aug 0.986 0.939 0.917 1.000 0.997 0.958 0.946 0.994 0.977 1000 0 992 0 896 0.997 
08-Aug 0.989 0.946 0.927 1.000 0.963 0 953 1.000 0.981 1.000 0.925 1.000 
09-Aug 0.991 0.961 0.938 0.969 0.963 0.987 0.945 
IO-Aug 0.994 0.968 0.945 0.976 0.972 0.994 0.962 
I l-Aug 0.998 0.979 0.949 0.982 0.977 1.000 0 984 
12-Aug 1.000 0.988 1.000 0.986 0.984 1 .000 
13-Aug 1.000 0.990 0.989 
14-Aug 0.996 0.995 
15-Aug 1.000 1 000 

0 
0 

Midpoint 10-Jul 16-Jul Ol-Jul 19-Jul 15-Jul 16-Jul 22-Jul 14-JuI 13-Jul Il-Jul 13-JuI 18-Jul 15-Jul 12-Jul 08-Jul 09-Jul 14-Jul LO-Jul 04-.lul 16-Jul 

No. days 
for 80%' 32 34 29 32 33 28 28 32 4 1 26 33 29 33 34 3 7 3 5 3 0 3 0 49 36 

"Proportion for first day (1983-1988) represents that portion of the escapement estimated to have passed the counting site prior to start of counting operations 
Proportion for last date (1981-1986) represents that portion of the escapement estimated to have entered the river after termination of counting operatons. 
Inclusive dates: date proportion of escapement reached 10% through date proportion of escapement reached 90% 



Table 11. Dail!- tish \i h d  catch b! species for the north bank of the f;as~lof hver .  15 June through 
Y Ausust 19'35. 

~ -- 

Sockeye Pink Coho chinook' 

Hours 
Datz open Dally Cum Daily Cum Ddily Cum Daily Cum 

15-Jun 1 0  0 0 
16-Jun 1 0 0 0 
17-Jun 1.0 0 0 
18-Jun 5.7 3 3 
19- Jun 4.0 X 11 
20-Jun 12.8 27 38 
2 1-Jun 9.2 3 7 75 
22-Jun 14.8 23 9 8 
23-Jun 5.8 40 138 
24-Jun 6.3 22 160 
25-Jun 10.9 49 209 
26- Jun 7.0 3 5 244 
27-Jun 4.0 43 287 
28-Jun 4.6 29 316 
29-Jun 3.4 132 448 
30-Jun 6.2 77  525 
01-Jul 5.0 73 598 
02-Jui 4.2 152 750 
03-Jul 3.7 65 815 
04-Jul 6.2 23 838 
05-Jul 0.3 8 846 
06-Jul 4.9 110 956 
07-Jul 3.1 69 1,025 
08-Jul 5.2 5 1 1,076 
09-Jul 5.8 17 1,093 
10-Jul 24.2 15 1,108 
I I-Jul 8.4 5 4 1,162 
12-Jul 9.2 29 1,191 
13-.iul 5.3 45 1,236 
14-Jul 5.0 7 8  1,314 
15-iul 14.0 6 1 1,375 
16-Jul 12.3 19 1,394 
17- Jul 12.4 41 1,435 
1 8- Jul 7.3 60 1,495 
19-Jul 18.3 3 4  1,529 
20-Jul 14.3 2 1 1,550 
21-Jul 7.5 28  1,578 
22-Jul 6.7 9 1,587 
23-Jul 4.6 7 1,594 
24-Jul 5.6 16 1,610 
25-Jul 5.3 69 1,679 
26-Jul 5.2 13 1,692 
27- Jul 5.3 20 1,712 
28-Jul 5.2 15 1,727 
29-Jul 16.3 19 1,746 
30-Jul 11.2 22 1,768 
3 1-Jul 15.0 6 1,774 
0 I-Aug 0.0 0 11774 
02-Aug 21.3 17 1,791 
03-Aug 0.0 0 1,79 1 
04-Aug 19.4 3 4 1,825 
05-Aug 0.0 0 1,825 
06-.4ug 17.7 20 1,845 
07-Aug 20.5 43 1,888 
08-Aug 13.0 3 3 1,921 
09-Aug 7.8 16 1,937 

a Other fish wheel captures included 5 Dolly Varden char. 



1-able 15. .As' composition of xoche? e sal~non collected in the Kasilof Rk cr 1969-1 998 

Percentage Compostion by A?e Class "." " 

Sample 

Year 1.1 1.2. I .3 1 .-C 2.1 2.2. 2.3 Other Size 

" Percentages weighted by total numbers in the escapement: 1979-1 998 
b 1978-1997 from Waltemyer, ADF&G, Soldotna. 

" 1998 from Tobias, ADF&G, Soldotna. 



A w  A\-e 
Age LenSth' Stndrd Sample L e n ~ t h "  Stn~lrd 

Year Class (mm! Error Size (m) En-or 

Ratio 
Sample Male- 

Size Female 



Ax-e . L \ I - ~  l?a tio 
A_ee Length" Stridrd Sample Length" Slndrd Sample hlale- 

Year Class (mm) E l ~ o r  Size (nun) Enor Sire Female 

a1980-1997 from Waltemyer, ADF&G, Soldotna 
b 1998 from Tobias, ADF&G, Soldotna. 



Table 17 Estimated salmon escapement mto the Crzscent Ri~rer 1979- 19 9 8 

Sockeye Pi& Chum Coho Other " 
Date Total 

" 1993-98 counts represent combined chinook salmon and Dolly Varden char 



Table 18. Estimated salmon escapinent into the Crescent River, 27 June through 7 Aug~lst 1998. Species composition of daily 
sonar counts based on fish wheel catches. 

Sockeye Pink Chum Coho Other 

Date Daily Cum Daily Cum Daily Cum Daily Cum Ilaily i'linl 

27-Jun 579 579 0 0 0 0 0 0 4 4 
28-Jun 414 993 0 0 0 0 0 0 2 0 
29-Jun 3 70 1,363 0 0 0 0 0 0 7 X 
30-Jun 553 1,916 0 0 0 0 0 0 3 I I 
I-Jul 220 2,136 0 0 0 0 0 0 1 12 
2-Jul 24 1 2,377 0 0 0 0 0 0 2 I4 
3-Jul 127 2,504 0 0 0 0 0 0 0 14 
4-Jul 157 2,66 1 0 0 0 0 0 0 I 15 
5-Jul 7 8 2,739 0 0 0 0 0 0 0 15 
6-Jul 5 5 2,794 0 0 0 0 0 0 0 IS 
7-Jul 685 3,479 0 0 0 0 0 0 4 19 
8-Jul 1,742 5,22 1 0 0 0 0 0 0 I I 3 0 
9-Jul 3,634 8,855 0 0 22 22 0 0 22 5 2 
10-Jul 3,366 12,22 1 0 0 2 1 43 0 0 2 0 72 
I I-Jul 2,530 14,75 1 70 70 0 4 3 0 0 I I9 19 l 
12-Jul 2,193 16,944 60 130 0 43 0 0 103 294 
13-Jul 1,333 18,277 3 5 165 0 43 0 0 64 358 
14-Jul 1,617 19,894 43 208 0 4 3 0 0 7 7 435 
15-Jul 1,754 2 1,648 63 27 1 0 43 0 0 3 1 4 6 6  
16-Jul 2,588 24,236 92 363 0 43 0 0 4 6 512 
17-Jul 2,810 27,046 99 462 0 43 0 0 5 0 502 
18-Jul 3,279 30,325 5 4 516 0 43 0 0 18 580 
19-Jul 3,65 1 33,976 59 575 0 43 0 0 2 0 000 
20-Jul 2,78 1 36,757 46 62 1 0 4 3 0 0 15 h 15 
2 1 -Jul 995 37,752 6 627 20 63 0 0 59 67.1 
22-Jul 993 38,745 6 633 20 8 3 0 0 59 733 
23-Jul 3,583 42,328 0 633 48 131 0 0 2 5 758 
24-Jul 2,115 44,443 0 633 29 160 0 0 14 772 
25-Jul 763 45,206 2 8 66 1 46 206 11 ' 1 1  34 806 
26-Jul 1,003 46,209 38 699 59 265 15 2 6 45 85 1 
27-Jul 1,679 47,888 62 76 1 100 365 24 5 0 7 5 926 
28-JuI 987 48,875 3 7 798 58 423 15 65 4 3 969 
29-Jul 2,094 50,969 7 7 875 125 548 3 1 96 93- 1,062 
30-Jul 2,121 53,090 87 962 209 757 0 96 0 1,062 
31-Jul 2,311 55,401 94 1,056 229 986 0 96 0 1,062 
I-Aug 1,794 57,195 73 1,129 177 1,163 0 96 0 1,062 
2-Aug 942 58,137 4 5 1,174 238 1,40 1 3 1 127 15 1,077 
3-Aug 926 59,063 45 1,219 233 1,634 3 0 157 15 1,092 
4-Aug 828 59,89 1 40 1,259 208 1,842 2 8 185 13 I .  I05 
5-Aug 909 60,800 46 1,305 229 2,07 1 2 9 214 15 1,120 
6-Aug 852 6 1,652 4 1 1,346 2 15 2,286 2 7 24 1 I4 1,134 
7-Aug 605 62,257 3 0 1,376 153 2,439 20 26 1 9 1,143 



Table 19. Cumulative proportion by date of sockeye salmon counts recorded in the Crescent River 1984 - 1998. 

Curnulati\ e Proportiona 

- Continued - 

FN 98CRCUM% XLS 

Table 19. (p. 2 of 2) 



Table 19. (p. :! of 2 )  

Date 

- 

Midpoint 17-Jul 18-Jul 19-Jul 09-Jul 15-Jul 18-Jul 21-Jul 17-Jul 14-Jul 23-Jul 22-Jul 16-Jun 11-Jul 19-1111 

No. days 

for 80%' 31+ 26+ 21 23 22 25 2 1 23 23 24 23 22 27 24 

a Proportion accrued on last day (1984-1986, 1988) represents that portion of the escapement estimated to have entered 
the river after termination of counting operations. 

b Enumeration activities terminated on 16 July 1986. Estimated proportions from King and Tarbox (1988). 

Inclusive dates: date proportion of escapement reached 10% through date proportion of escapement reached 90%. 



Table 20. Daily fish wheel catch by species for the Crescent River. 27 June through 
7 August 1998. 

Sockeye Pink Chum Coho Chinook Dolly Varden 

Hours 
Date open Daily Cum Daily Cum Daily Cum Daily Cum Daily Cum Daily Cum 



Table 21 .Age composition of sockel, e salmon collected in the Crescent Rh er 1979-1998 

Percentage Compostion by Age Class " b' " 

Year 1.1 1.2 1.3 1.4 2.1 2.2 2.3 Other 
Sample 

Size 

" Percentages weighted by total numbers in the escapement: 1979-198 1, 1986-1998 
b 1979-1997 from Waltemyer, ADF&G, Soldotna. 

" 1998 from Tobias, ADF&G, Soldotna. 



A w  A1.e Ratio 
Age Length" Stndrd Sample Lengtha Stndrd Sample Male- 

Year Class (mn) Error Size (mm) Error Size Fernale 



Male Female 

A\ e A\-e Ratio 
Age Lengtha Stndrd Sample LengthR Stndrd Sample Male- 

Year Class (mm) Error Sizc (mm) Error Size Female 

" 1980-1997 from Waltemyer, ALIF&G, Soldotna. 
b 1998 from Tobias, ADF&G. Soldotna. 



Table 23. Estimated salmon escapment into the Yentna River, 7 July through 21 August 1998. Species composition of daily sonar 
counts based on fish wheel catches. 

Sockeye Pink Churn Coho Cliiiiook 

Date Daily Cum Daily Cum Daily Cum Daily Cum Daily C.'uln 

16 
3 1 
49 
82 

i l l  
179 
245 
349 
516 
895 

1,270 
2,764 
8,290 

16,309 
23,273 
27,902 
31,315 
37,838 
46,226 
55,8 16 
67,479 
78,966 
93,172 

104,129 
1 14,783 
123,566 
13 1,969 
139,300 
143,652 
146,653 
148,391 
149,934 
151,421 
152,299 
153,382 
153,866 
154,253 
154,629 
154,809 



Table 23. (p.2 of 2)  

Sockeye Pink Chuni Coho Chinook 

Date Daily Cum Daily Cum Dailv Cum Dailv Cum Daily Chm 



Table 24. Estimated salmon escapement into the Yentna k v e r  198 1- 1998 

Date Sockeye Pink Chum Coho Chinook Total 



'l'able 25. Salmon ecapelnent observatiotls in selected Susitna River tributaries 1998 

Number of Fish Observed or Esrimated 

Sockeye Pink Chum Coho Chinook 

Chelatna Lakea 

Deceptiun creekb 

Rabideux Crzek" 

Birch creekb 

Question creekb 

Answer creekb 

Goose creekb 

Little Willow Creekb 

Montana creek" 

Prairie crcekb 

Sheep Creekb 

Willow creekb 

Alexander creekb 

Deshka ~ i v e r ~  

Pcters creekb 

Lake creekb 

Cache creekb 

Talachulitna ~ i v c r ~  

" Fandrei, G., Cook Inlet Aquaculture Association, personal communication 
b Whitmore, C. and Sweet, D., 1998. 



Table 26. Curn\llative proportion by dale ol'sockeye salniun co1lni.s recorded in the Yttrtrla River 1981-1938 

Cumulative I'roporliur~" 

- Continued - 
,,; .,,: ' > : r ,  ' , ,  



Table 26. (p. 2 of 3) 

Cumulative Proportion3 

Date 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 9 5  9 7 I O O X  

- Continued - F N  ~UYECWAV.  XLS 



Table 26. (p. 3 of 3) 

Cumulative I'ruportiona 

Date 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1 9 1  1992 1993 9 1995 1096 IO(17 \ ( ) O X  

No clays 
UI 

f~i,r  804ab 14 14 12 17 6 111 17 I I 18 15 17 17 I6 19 1 5  I 1  2 1  I X 

" Proportioln clccrucil or1 last day (1 986) represents that portion of the escupe~nent estimated after enu~nerat ioi~ operations. 

"rnclusive dates. date propol-tion of'escapernenl reached 1OYo through date p r o p o ~ ~ i o n  iif cscnpennrlit reachad 9096 



Table 27. Daily adjusted fish wheel catch by species for the north bank of the Yentna 
k v e r .  7 July through 2 1 August 1998 

Sockeye Pink Chum Coho Chinook 

Hours 
Datc opend Oaily Cum Daily Cum Daily 

07-Jul 
08-Jul 
09-JuI 
10-Jul 
1 I-Jul 
12-Jul 
13-Jul 
14-Jul 
15-Jul 
16-Jul 
17-Jul 
18-Jul 
19-Jul 
20-Jul 
2 1 - Jul 
22-Jul 
23-Jul 
24-Jul 
25-Jul 
26-Ju~ 
27-Jul 
28-Jul 
29-Jul 
30-Jul 
3 1 - Jul 
0 1 -Aug 
02-Aug 
03 -Aug 
04-Aug 
05-Aug 
06-Aug 
07-Aug 
08-Aug 
09-Aug 
10 -Aug 
1 1 -Aug 
12 -Aug 
13 -Aug 
14-Aug 
1 5 -Aug 
16-Aug 
17 -Aug 
18 -Aug 
1 9-Aug 
20-Aug 
2 1 -Aug 

Cum Daily Cum Daily Cum 

a Fish wheel catch adjusted for 24 h: (daily catch * 24 h) / hours open. Actual catch by species: 12,067 
sockeye salmon; 17,057 pink salmon; 1,102 chum salmon; 1,712 coho salmon; 54 chinook salmon; 104 
whitefish, 5 long-nosed sucker; 1 burbot. FN 98YEIFWRXIS 



Table 28. Daily adjusted fish wheel catch b!- species for the south bank of the Yentm 
Rtver. 7 July through 2 1 August 1 998 

- 

Soche? e P ~ n h  Chum Coho Chlnooh 

- 

I-burs 
Date opena Daily Cum Daily Cum Daily Cum Daily Cum Daily Cum 

- 

4 
7 
7 
7 
7 

10 
11 
11 
12 
13 
13 
17 
'I 
25 
2 8 
30 
34 
3 5 
3 6 
3 6 
36 
3 8 
3 8 
3 8 
3 8 
40 
4 0 
4 1 
4 1 
4 2 
42 
4 3 
45 
4 6 
4 6 
4 6 
47 
4 8 
4 9 
4 9 
4 9 
49 
49 
4 9 
49 
50 

" Fish wheel catch adjusted for 24 h: (daily catch * 24 h) 1 hours open. Actual catch by species: 14,394 
sockeye salmon; 21,258   ink salmon; 1,667 chum salmon; 4,326 coho salmon; 50 chmook salmon; 59 
whitefish; 5 long-nosed sucker. PN- ~ E X Z ~ F W R ~  



Table 29. Age composition of sockeye salmon collected in the Yentna f iver  1986-1998. 

Percentage Compostion by Age Class"' " 
- ~ 

Samplc 
Year 0.2 0.3 1 .1  1.2 1.3 1.4 2.1 2 . 2  2 .3  2.4 3 . 2  S i x  

" Percentages weighted by total numbers in the escapement: 1979-1 98 1, 1986-1 998 
I, 1986-1 997 from Waltemyer, ADF&G, Soldotna. 

" 1998 from Tobias, ADF&G, Soldotna. 



Ax-? A w  Ratio 
A_ec LenStha Stndrd Sample Length" Stndrtl Sample Male - 

Year Class (mm) Error Size (rnm) Error Size Female 



Male Female 

A x  Ax-e Riitio 
Age Length" Stndrd Sample Lerlgth" Stndrd Sample Male- 

Year Class (mm) Error Size (mm) Error Size Female 

" 1986-1 997 from Waltemyer, ADF&G, Soldotna 
1998 from Tobias, ADF&G, Soldotna. 



Table 31. Cumulative proportion by date of pink salmon counts recorded in the Yentna River 1981-1998. 

Cumulative Proportion 

Date 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1907 1998 



Table 3 I .  (p. 2 of 2) 

Cumulative Proportion 

Date 1981 1982 1983 1984 1985 1986 I987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 

05-Aug 0.865 0.953 0.918 0.943 0.966 0.999 0.870 0.931 0.850 0.964 0.870 0.961 0.992 0.985 0.970 0.968 0.877 i )  945 
06-Aug 0.883 0.962 0.924 0.956 0.978 1.000 0.887 0.951 0.883 0.976 0.911 0.967 0.996 0.991 0.979 0.987 0.904 0.956 
07-Aug 0.897 0.969 0.931 0.962 0.991 0.895 0.969 0.912 0.984 0.951 0.971 1.000 0.995 0.986 1.000 0.925 0.966 
08-Aug 0.905 0.978 0.936 0.969 1.000 0.901 0.982 0.924 0.990 0.971 0.979 0.997 0.990 0.937 0.976 
09-Aug 0.913 0.984 0.937 0.975 0.921 0.990 0.938 0.994 0.985 0.990 0.998 0.995 0.951 0.981 
10-Aug 0.918 0.989 0.938 0.982 0.950 0.995 0.943 0.997 0.995 0.997 1.000 1.000 0.974 0.988 
11-Aug 0.924 0.991 0.943 0.986 0.975 1.000 0.948 0.998 0.999 1.000 0.997 0 99 I 
12-Aug 0.929 0.994 0.951 0.988 0.989 0.952 1.000 1.000 1.000 0.994 
13-Aug 0.930 0.996 0.958 0.991 0.996 0.963 0.996 
I 4-Aug 0.931 0.997 0.966 0.992 1.000 0.974 0.998 
15-Aug 0.935 0.998 0.971 0.994 0.989 0.998 
16-Aug 0.942 0.998 0.978 0.994 0.994 0 999 
17-Aug 0.949 0.999 0.984 0.995 0.997 0.999 
18-Aug 0.958 0.999 0.988 0.996 0.998 0.999 
19-Aug 0.967 0.999 0.990 0.997 0.999 1 ,000 

L r  
a 

20-Aug 0.979 0.999 0.992 0.997 1.000 
2 1-Aug 0.984 0.999 0.993 0.997 
22-Aug 0.989 1.000 0.993 0.998 
2 3 - A u ~  0.992 0.994 0.998 
24-Aug 0.995 0.995 0.998 
25-Aug 0.997 0.996 0.999 
26-Aug 0.999 0.996 0.999 
27-Aug 1.000 0.997 0.999 
28-Aug I ,000 0.998 0.999 
29-Aug 0.998 0.999 
30-Aug 0.999 1.000 
31-Aug 0.999 
01-Sep 0.799 
02-Sep 0.999 
03-Sep 1.000 

Midpoint 27-Jul 30-Jul 21-Jul 27-Jul 28-Jul 27-Jul 27-Jul 29-Jul 27-Jul 28-Jul 30-Jul 27-Jul 22-JuI 25-Jul 26-Jul 28-fl~l 29-Jul 2X-Jt1l 

No. days 
for 80%" 20 12 16 14 9 8-t 20 I I 2 1 12 17 I I 16 12 16 13 19 16 

"Inclusive dates: date proportion of escapement reached 10% through date proportion of escapement reached 90%. ~ h '  ~EYE.I ICIJM:~~SI.S 



Figure 1. Upper Cook Inlet, Alaska, and sites where salmon escapement was 
monitored with side-scanning sonar. 
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Date 

CRESCENT RlVER 
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Figure 2. Daily escapement of  sockeye salmon into the Kenai, Kasilof, Crescent and Yentna Rivers 1998. 



S o u t h  Bank 

F i g u r e  3. D i s t r i b u t i o n  of  salmon sona r  coun t s  by s e c t o r  i n  t h e  Kenai River  
1998.  6 2 



F i g u r e  4.  Hourly d i s t r i b u t i o n  of salmon m i g r a t i n g  p a s t  t h e  Kenai  R ive r  
s o n a r  c o u n t e r s  1998. 6 3 
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Figure 5 .  Mean hourly passage rates of salmon migrating past the Kenai, Kasiiof, Crescent and Yentna River sonar counters 1998. 



South Bank 

F i g u r e  6 .  D i s t r i b u t i o n  of sa lmon s o n a r  c o u n t s  by s e c t o r  i n  t h e  K a s i l o f  R i v e r  
1998. 

6 5 



5 0 ~ i t h  Bank 

Figure 7. Hourly distribution of salmon migrating past the Kasilof River 
sonar counters 1998. 



South Bank 

Figu re  8. D i s t r i b u t i o n  of salmon sona r  counts  by s e c t o r  i n  t h e  Crescent  
River  1998. 

6 7 



South Bank  

Figu re  9 ,  Hourly d i s t r i b u t i o n  o f  salmon mig ra t i ng  p a s t  t h e  Crescen t  River  
sona r  c o u n t e r s  1998.  

6 8  



-+-Tide A +Tide A A Norlh Bank X South l3ank 

Figure 10. Time of peak daily sonar count and daily high tides at Crescent River 1998. 



South Bank 

F i g u r e  11. D i s t r i b u t i o n  of salmon s o n a r  coun ts  by s e c t o r  i n  t h e  Yentna R i v e r  
1998. 

7 0 



South Bank 

F i g u r e  1 2 .  Hour ly  d i s t r i b u t i o n  of salmon m i g r a t i n g  p a s t  t h e  Yentna R i v e r  
s o n a r  c o u n t e r s  1998. 

7 1 



Appendix A. 1.  Estimated salmon escapement adjacent to the north bank of the Kenai River, 1 July 
through 13 August 1998. Species composition of daily sonar counts based on fish 
wheel catches. 

Sockeye Pink Coho Chinook 

Date Daily Cum Daily Cum Daily Cum Dail!. Cum 



Appendix A 1 .  (p2 of2) 

Sockeye Pink Coho Chinook 

Date Daily Cum Daily Cum Daill- Cum Daily Cum 

"Species appoflionment began on 13 August 



'Appendix ,4 2 Estimated salmon escapement adjacent to the south bank of the Kenai River, 1 July 
through 13 August 1998 Species composition of daily sonar counts based on fish 
wheel catches 

- 

Sockeye Pink Coho Chinook 

Date Daily Cum Daily Cum Daily Cum ' Daily Cum 



Appendis X 2 (p2 of2) 

Sockeye Pink Coho Chinook 

ppppp- 

Date Daily Cum Daily Cum Daily Cum Daily Cum 

- 

"Species apportionment began on 13 August 



Appendix A.3. Kcnai River nurlh bank s o n u  counts by hour, 1 July through 13 August 1998. 

1-Jul 
2 Jul 
3-Jul 
4-Jul 
5-Jul 

6-Jul 
7-Jul 
8-Yul 
9-Yul 

10-Jul 

11-Jul 
12-Jul 
13-Jul 
14-Jul 
15-Jul 

(3 

16-Jul 
17-Yul 
18-Jul 
19-Jul 
20-Jul 

21-Jul 
22-lul 
23-Jill 
24-Jul 
25-Jul 

26-Jul 
27-Jul 
28-Jul 
29-Jul 
30-Jul 

31-Jul 
1-Aug 
2-Aug 
3-Aug 
4-Aug 

5-Aug 
6-Aug 
7-Aug 
8-Aug 
9-Aug 

192 168 138 
25! 254 I 4 4  
243 3112 I b X  
2 351 IXG 
173 lH3 1PZ 





Appendix A.4. Kcnai River south bank sonar counh by hour, 1 July through 13 August 1998. 

Counts by Hour 

11 
18 
15 
5 
8 

67 
9 5 
4 5 
30 
39 

79 
33 
36 
95 
26 

142 
632 
544 
199 
207 

125 
106 
808 
309 
229 

230 
164 
371 
686 
63 1 

470 
414 

1,132 
326 
i o n  

194 
190 
68 

153 
111 



Appendix 4 . 4 .  (p.2 of 2) 



Appendix A.5. Kenai River north bank sonar counts by hour, I July through 13 August 1998. Coun& expressed as percentage of daily total. 



Appendix A.5.  (p.2  of 2) 

Ciu~~its by Hour 

10-Aug 4.6 5.1 4.1 5.2 4.2 4.7 5.7 2.8 ' 2 . 7  3.6 3.3 2.3 3.7 2.7 2.1 2.8 2.9 2.7 2.5 3.8 3.9 6.0 9.5 8.2 1l)O.O 
I l - A u g  8.3 5.7 6 9  6.4 4.9 5.4 6.5 4,7 3.7 4.1 3.9 2.5 1.3 2.2 1.2 1.2 1.7 2.3 1.3 1.7 5.2 6.4 5.7 6 8  10(1.0 
12-Aug 7.4 7.3 6.3 4.1 5.3 6.0 6.4 4.0 3.4 2.8 2.6 2.1 1.3 1.5 1.4 0.9 0.5 1.0 2.0 2.3 5.7 6 1  I It15 l ( l ~ l l 1  
13-Aug 7.2 6 2  4.5 7.0 3.7 4.1 5.2 3 8  3.0 2 6  2.5 1.6 0.8 0.7 0.5 0.9 1.2 1.2 1.3 4 .1  6.3 X I  11.5 11.9 I ( l [ lO 



Appendix A.6. Kenai River south bank sonar counts by hour, 1 July through 13 August 1998. Counts expressed ~ u ;  percentage of daily total. 

Dote I 2 



Appendix A.6. (p.2 oF2) 

Counts by I-lour 



Appendix A.7. Keniii R n w  north hank sonar counts b!' sector. 1 Jul!. through 1 i Aufust 1998 

Daily Cum 
Date 1 3 J 5 G 7 8 9 I 0 1 I 12  Total rchl 

1-JuI 
2-Jul 
3-Jul 
4-Jul 
5-Jul 

6-Jul 
7-Jul 
8-Jul 
9-Jul 

10-Jul 

1 1 -Jul 
1 2-Jul 
13-Jul 
14-Jul 
! 5-Jul 

16-Jul 
17-Jul 
18-Jul 
1 9-JuI 
20-Jul 

21-Jul 
22-Ju~ 
23-Jul 
24-Ju~ 
25-Jul 

26-Ju1 
27-Jul 
28-Jul 
29-Jul 
30-Jul 

31-Ju~ 
1 - A u ~  
2-Aug 
3 - A u ~  
4 - A u ~  

5 - A u ~  
6 - A u ~  
7-Aug 
8-Aug 
9 - A u ~  

10-Aug 
1 1 -Aug 
1 2 - A u ~  
1 3 - A u ~  

Total 



Appendix A S .  Kenai FWer south bank sonar counts by  sector. 1 Jul>- through 13 August 1998 

Counts h >  Scctor 

Dally Cum 
Date 1 ) J 5 6 7 8 9 1 0 11 12 Total Tor31 

I-JuI 
2-Jul 
3-JuI 
4-Jul 
5-Jul 

6-JuI 
7-Jul 
8-JuI 
9-Jul 

10- JuI 

I 1 -Jul 
1 2-Jul 
13-Jul 
1 4-Jul 
15-Jul 

1 6-Jul 
17-Jul 
1 8-JuI 
1 9-Jul 
20-Jul 

2 1 -Jul 
22-Jul 
23-Jul 
24-JuI 
25-Ju1 

26-Jul 
27-Jul 
28-Jul 
29-Jul 
30-JuI 

31-Jul 
l - A u ~  
2-Aug 
3-Aug 
4-Aug 

5-Aug 
6-Aug 
7-Aug 
8-Aug 
9-Aug 

10-Aug 
I 1 -Aug 
12-Aug 
I 3-Aug 

Total 



Appendix A.9. Kenai Rix-er north bank sonar counts by sector. I Jul>- throuph 13 August 1998. Counts expressed as 

percentage of daily total. 

Counts h \  Szctor 

Dail?- 
Datz 1 '. 1 3 1 5 6 7 8 9 10 1 I 1 Total 

l - J d  
2-JuI 
3-JuI 
4-Jul 
5-Jul 

6-Jul 
7-Jul 
8-Jul 
9-JuI 

10-Jul 

1 1-Jul 
12-Ju~ 
13-Jul 
14-Jul 
15-Ju~ 

16-Jul 
17-Jul 
18-JuI 
19-Jul 
20-Jul 

2 1-Jul 
22-Jul 
23 -Jul 
24-Jul 
25-Jul 

26-Jul 
27-Jul 
28-Jul 
29-Jul 
30-Jul 

3 1-Jul 
I -Aug 
2-Aug 
3 -Aug 
4-Aug 

5-Aug 
6-Aug 
7-Aug 
8-Aug 
9-Aug 

10-Aug 
1 1 -Aug 
12-Aug 
13 -Aug 

Total 



Appendix A. 10. Kenai Rn.cr south bank sonar counts bv sector. 1 July throu$l 13 August 1998. Counts c~pressed  as 
percentage of daily total. 

Counts by Szctor 

Dad? 
Datz I 3 3 1 > 6 7 8 9 10 I 1  12 Total 

Total 



Appendix A. 1 1. Estimated salmon escapement adjacent to the north bank of the 
Kasilof bve r ,  15 June through 8 August 1998. 

Date Daily Cum Date Daily Cum 

15-Jun 
16-Jun 
17-Jun 
18-Jun 
19-Jun 
20-Jun 
2 1 -Jun 
22-Jun 
23-Jun 
24-Jun 
25-Jun 
26- Jun 
27-Jun 
28-Jun 
29-Jun 
3 0-Jun 
1 - Jul 
2-Jul 
3 - Jul 
4-Jul 
5-Jul 
6-Jul 
7- Jul 
8-Jul 
9-Jul 
10-Ju1 
11-Jul 
12-Jul 



Appendis A. 12. Estimated salmon escapement adjacent to the south bank of the 
Kasilof k ~ . e r :  15 June through 8 August 1998. 

Date Daily Cum Date Daily Cum 



Appendix A.13. Kii.silol'Kivcr nort l~ bank sonar counts by hour, 15  J u n e  t l~ rough  8 A~rgust  1998 

. ~ - ~  - -- - ~ 

I !  i ' u ~ n  
Date I 2 3 4 5 6 7 6 3 10 11 12 13 14 1 5  16 17 I B  19 20 ? I  22 23  24 ' I U I . , ~  'l',~::~l 



Appendix A.  13. (p.2 01'2) 

Counb  by Hour 

Total 3,866 4,406 4,788 4,709 4,555 4,544 4,704 4,844 4,061 3,779 3,876 3,731 4,420 4,303 4,011 4,400 4,129 4,590 4,810 3,929 3,489 3,234 3,022 3,138 99,338 



Appendix A.14. Knsilof River  south bank sonar counts by hour, 15 June through 8 August 1998 

Counk b y  Hour 

i) .~lly ('uln 

Date 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 19 20 21 22 23 24 TCIL:~ 'I'utxl 

49 95 153 9 I98 I O R  2,104 10,302 
89 72 126 121 I I43 2,592 18,954 
72 114 256 379 342 296 3.970 22,924 

102 110 153 202 157 91 3,884 26,808 
107 174 129 132 142 130 4,600 31,498 



Appendix A.14. (p.2 o f  2)  

Counts by Hour 



Appendix A.15. Kasilof ILivel- north bank sonar counts by hour, 15 June through 8 August 1998. Counts espressed as percentage cif daily total 

Counts b y  I Iour  



Appcndis A.  15. (p.2 01.2) 

Total 3.9 4.4 4.8 4.7 4 .6  4.6 4.7 4.9 4.1 3.8 3.9 3.8 4.4 4.3 4 .0  4.4 4.2 4.6 4 .8  4 .0  3.5 3 .3  3 0  3.2 1000  



Appendix A.16. Kasilof River south bank sonar counts by hour, 15 June through 8 August 1998. Counts espressed as percentage of daily total 

Counls by Hour 



Counts by Hour 

i h l y  

Date 1 2 3 4 5 6 7 S 9 10 11 12 13 14 15 16 17 I8  19 20 21 22 23 24 '~'[JLII 



Counts by Sector 

D a ~ l b  Cuni 

Date 1 2 > 1 5 6 7 X 9 10 1 1  17 T o h i  Totiil 

15-Jun 
16- Jun 
1 7- Jun 
1 8- Jun 
1 9- Jun 



Appendix 17. ( p .  2 oi '2)  

Counts  h \  S c ~ t o r  

D a ~ l h  Cum 

Dale I 2 3 4 < 6 7 X 9 10 1 1  12 Total Total 

Total 26,347 34.207 17,514 5,032 1,229 1,742 634 921 1,356 2,649 3,300 4,407 99,338 



Appendix A.  IS. L a d o t '  River south bank sonar counts by sector. 15 June Uuoush 8 August 1995 

C o u n t s  b v  Scclor 

Date 1 2 1 5 6 7 X 9 10 11 12 Total  Tolal 

15-Jun 
I 6- Jun 
17-Jun 
18-Jun 
19-Jun 

20-Jun 
2 1 -Jun 
2 2 - J u ~  
23-Jun 
24-Jun 

25-Jun 
26-Jun 
2 7 - J u ~  
28-Jun 
2 9 - J u ~  

30-Jun 
1-Jul 
2-Jul 
3-Jul 
4-Jul 

5-Jul 
6 - J u ~  
7-Ju~ 
8-Jul 
9-Jul 

1 0-Jul 
I I-Jul 
12-Jul 
13-Jul 
14-Jul 

15-Jul 
16-Jul 
17-Jul 
18-Jul 
1 9-JuI 

20-Jul 
21-Jul 
22-Jul 
23-Jul 
24-Jul 



Appr~idix A. 1 S .  (p.  7 o f  7 )  

Counts b! Sector 

Dady  Cum 

Date 1 2 3 4 > 6 7 S 9 10 1 I 12 Total Total 

Total 17,056 9,724 12,566 31,620 34,956 20,071 10,238 9,526 9,336 8,452 7,041 7,630 178,216 



Appendix 4.19. Kasilof h v e r  north bank sonar counts by  sector. 15 June through 8 August 1998. Counts 
expressed as percentage of dail! total. 

~p -- 

Counts hy  Sector 

Daily 

8 9 10 1 I 12 Total 

1 5-Jun 
16-Jun 
17- Jun 
18-Jun 
19-Jun 

20-Jun 
2 1 -Jun 
22-Jun 
23-Jun 
24-Jun 

25-Jun 
26-Jun 
27-Jun 
28-Jun 
29-lun 

30-Jun 
I - Jul 
2-JuI 
3 - Jul 
4-Jul 

5-Jul 
6-Jul 
7-Jul 
8-Ju1 
9 - J ~ l  

10- J u ~  
1 1 -JuI 
12-Jul 
13-Jul 
14-Ju~ 

15-Jul 
16- JuI 
1 7-Jul 
1 8-JuI 
19-Jul 

20-Jul 
21-Jul 
22-Jul 
23-Jul 
24-Jul 



Counts b) Sector 

Daily 
Date I 3 -1 5 6 7 S 9 10 1 1  12 Tolal 

Total 26.5 34.4 17.6 5.1 1.2 1.8 0.6 



Appendi\.4.10. Kasiloffiver south bank sonar counts by sector. l i  June h o u f h  S August 1WS. Counts 
rqirzssed as percentapt: of Jail! total. 

Counts h! Sector 

Daily 
Datc I - 7 3 4 3 G 7 S 9 10 I 1  12 Total 

I 5-Jun 
16-Jun 
17-Jun 
18-Jun 
1 9- Jun 

20-Jun 
2 1 -Jun 
22-Jun 
23-Jun 
24-Jun 

25- Jun 
26-Jun 
27-Jun 
28-Jun 
29-Jun 

30-Jun 
I -Jul 
2-JuI 
3-Jul 
4-Jul 

5-Jul 
6-Jul 
7-Jul 
8-Jul 
9-JuI 

1 0-Jul 
I I-Jul 
12-Jul 
13-Jul 
14-Jul 

I 5-Jul 
1 6-JuI 
1 7-Jul 
1 8-Jul 
19-Jul 

20-Jul 
21-Jul 
22-Jul 
23-Jul 
24-Jul 



Counts by Seclor 

Dally 

Date 1 3 J 5 6 7 X 9 10 I 1  I 2  Total 

25-Jul 12.1 
26-JuI 16.1 
27-Jul 9.5 
28-JuI 12.1 
29-Jul 10.0 

30-JuI 12.9 
31-Jul 12.6 
I-Aug 11.6 
2-Aug 17.3 
3-Aug 16.5 

4-Aug 20.2 
5-Aug 18.5 
6-Aug 14.8 
7-Aug 22.9 
8 - A u ~  20.7 

Total 9.6 



Appendix 4.2 1 .  Estimated salmon escapement adlacent to the north bank o f  the Crcxcent K v t r .  77 June bough 7 A u ~ u s t  1 Qqg.  

Species composition of dally sonar cou~l ts  based on fish \?-heel catches." 

Socke? e Piilh Churn Coho Doll! Varticr! 

Date Daily Cum Dail! Cum Daily Cum Daily Cum Daily Cum 

27-Jun 

28-Jun 

29-Jun 

30-Jun 

I -JuI 
2-Jul 
3-Jul 
4- Jul 
5-Jul 
6-Jul 
7-Jul 
8-Jul 
9-Jul 
I 0-Jul 
1 1 -Jul 
12-Jul 
13-Jul 
14-Jul 
1 5-JuI 
16-Jul 
1 7-Jul 
1 8-Jul 
1 9- Jul 
20-Jul 
21-Jul 
21- Jul 
23-Jul 
24-Jul 
25-Jul 
26-Jul 
27-Jul 
28-Jul 
29-Jul 
30-Jul 
3 1 -Jul 
1-Aug 
2-Aug 
3-Aug 
4-Aug 
5-Aug 
6-Aug 
7-Aug 

'Counts in Dolly Varden column are ccmbined Doily Varden char and chinook salmon counts 



Appendis A.22. Est i~nakd salmon escapement adjacent to the south bank of the Cresce~lt k v e r .  27 June through 7 A u g ~ s t  1998.  

Species composition of daily sonar counts based on fish  heel catches." 

Sockehe Pi& Chum Coho Dolly Varderl 

Date Daily Cum Daily Cum Daily Cum Daily . Cum Daily Cum 

"Counts in Dolly Varden column are combined Dolly Varden char and chinook salmon counts. w 9 ~ ~ ~  



Appendix A.23. Crescent River north bank sonar counts by hour, 27 June througk 7 August 1998. 

Counts by Hour 

Date 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 21 2 4 ' 1 0 1 . 1 1  ' l o [ , ~ l  



Appendix A.23. (p.2 of2) 

1),11ly C ~ i n l  

Date 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 19 20 21 22 23 24 'I'utai ' I ' o ~ l  

22-Ju~ 
23-Jul 
24-Jul 
25-Ju~ 
26-Jul 

27-Jul 
28-Jul 
29-Jul 

r 30-Ju1 
0 
a 31-Jul 

1 -Aug 
2-Aug 
3 -Aug 
4-Aug 
5 -Aug 

6-Aug 
7-Aug 

Total 



Appendix A.24. Crescent River south bank soilar counts by hour, 27 June though 7 August 1998. 



Appendix A.24. (p.2 of 2) 

Counts by  Hour 

i);11ly Cull1 

Date 1 2 3  4 5 6 7 8  9 1 0  11 12 13 14 15 16 17 I X  19 2 0  2 1  2 2  2 3  24  ' l ' l~tal  'l'ut:11 



Appendix A 25 Crescent Iiivcr north bank sonar courlts by hour, 27 June t l ~ s o ~ ~ g l ~  7 Aug~ist 1998. Counts expressed as percentage of dLlily to('ll 

Counts by Hour 

Date 

1.1 1.4 2.5 2.2 0.7 1.1 1.4 0.0 2.9 2.2 0.4 2.2 2.5 5.4 15.8 10.4 12.2 5.0 4.7 7.5 0.4 0 2 9  1:l l0O.O 
2.2 0.9 1.7 3.9 0.0 0.9 5.2 2.6 2.2 0.0 3.0 3.0 3.0 1.3 10.4 8.7 18.6 8.7 10.4 1.7 7.8 0 0.0 1 5  100.0 
3.9 5.9 9.8 3.9 3.9 3.3 0.0 1.3 5.2 0.0 4.6 3.3 2.6 7.8 1 1 . 1  11.1 8.5 7.2 2.0 0.7 0 7  0.0 0 7  2.6 1000 
4.7 7.0 7.3 7.3 9.4 17.3 16.7 4.7 7.0 4.4 3.5 0.0 0.6 11.0 2.1 3.8 2.1 0.3 1.2 0 .6  0 0  0.0 0.0 0 1 )  Ioo.0 
0.7 2.1 0.7 4.2 2.8 0.7 0.0 3.5 4.2 1.4 4.2 2.1 4.9 3.5 1.4 7.7 5.6 11.9 9.1 14.7 14.7 0.0 O i l  00 I 0 0 0  



Appendix A.25. (p.2 of 2) 

Ihily 

Date 1 2 3 4 5 6 7 8 . 9  10 11 12 13 14 15 16 17 18 19 20 21 22 21 2-1 7 ' ~ t : d  



Appendix A.26. Crescent River south bailli sonar counts by hour, 27 June t h s o ~ ~ g l ~  '7 August 1998. Counts expressed us percentage of daily tola1 



Appendix A.26. (p.2 ol' 2) 

Counts by Hour 



Append~x .L\ 27 Crescent River north bank sonar counts h \ -  sector. 27 June through 7 August 1998 

Total 



A p p e n d ~ s  .'i 28  Crescrnt R ~ v e r  south bank sonar counts b\- sector. 27 J u n e  throuSh 7 August 1998 

Countc by Sector 

Dn~l! Cum 

D a t c  1 3 4 5 6 8 9 10 11 12 Told Total 

Total 



Appendix A 2 9  Crescent Rli-er north barth zorlar counts b? secior. 27 June throuch 7 A u ~ u s t  1993 Count.; expressed as 

perczntaze o f  daily total 

Total 



A p p e n d ~ x  .A 30  Crescent River south bank sonar  counts b\ sector. 17 June  through 7 August 1998. Cc,unt\ zspre \sed .sz 

percentrqe of dail!- total. 

D315 

27-Jun 
28-Jun 
29-Jun 
30-Jun 
l -Jul 

2-Jul 
3-JuI 
4-Jul 
5-Jul 
6-Jul 

7-Jul 
8-Jul 
9-Jul 
10-Jul 
1 I-Jul 

12-Jul 
13-Jul 
14-Jul 
15-Jul 
16-Jul 

17-Jul 
18-Jul 
19-Jul 
20-JuI 
2 1 -Jul 

22-Jul 
23-Jul 
24-Jul 
25-Jul 
26-Jul 

27-Jul 
28-JuI 
29-Jul 
30-Jul 
3 1-Jul 

l -Aug 
2-Aug 
3-Aug 
4-Aug 
5-Aug 

6-Aug 
7-Aug 

Total 



Appendix A.3 1 .  Estimated salmon escapement adjacent to the north hank of the Yentna River. 7 July 
t l ~ o u p h  2 1 August 1998. Species composition ot' daily sonar counts based on fish 
wheel catches. 

Sock!  e P i d  Chum Coho C hmook 

Date Daily Cum Daily Cum Daily Cum Daii! Cum Daily 

7- Jul 
8-Jul 
9- JuI 
10-Jul 
I I-Jul 
12-Jul 
1 3-JuI 
14-Jul 
15-Jul 
16-Jul 
17- Jul 
18-Jul 
1 9-Jul 
20-Jul 
2 1-Jul 
22-Jul 
23-Jul 
24-Jul 
25-Jul 
26-JuI 
27-Jul 
28-Jul 
29-Jul 
30-Jul 
3 1-Jul 
I -Aug 
2 - A u ~  
3 - A u ~  
4-Aug 
5-Aug 
6-Aug 
7-Aug 
8-Aug 
9-Aug 
I 0-Aug 
1 1 -Aug 
12-Aug 
I 3-Aug 
14-Aug 
I5-Aug 
16-Aug 
17-Aug 
18-Aug 
19-Aug 
20-Aug 
2 1 - A u ~  

Cum 

- 

18 
3 5 
58 
8 9 
89 

109 
125 
129 
140 
140 
148 
148 
164 
170 
195 
202 
20 8 
214 
214 
223 
22 3 
230 
230 
230 
230 
230 
230 
230 
230 
234 
234 
238 
24 1 
24 3 
243 
24 3 
243 
246 
24 6 
24 6 
246 
24 9 
253 
255 
256 
25 8 



Appendix A.32. Estimated salmon escapement adjacent to the south bank of the Yentna k v e r .  7 July 
through 21 Ausust 1993. Species composition of  daily sonar counts based on lish 
n heel catches. 

Soche! e P irk Chum Coho Chinook 

Date Dad!, Cum Dail! Cum Daily Cum Daily Cum.  Daily Cum 

7-Jul 
8-Jul 
9- Jul 
10-Jul 
I I-Jul 
12-Jul 
13-Jul 
14- Jul 
15-Jul 
16- Jul 
17- Jul 
1 8- Jul 
19-Jul 
20-Jul 
2 1-Jul 
22-JuI 
23-Jul 
24-Jul 
25-Jul 
26-JuI 
27-Jul 
28-Jul 
29-JuI 
30-Jul 
3 1-Jul 
1 -Aug 
2-Aug 
3-Aug 
4-Aug 
5-Aug 
6-Aug 
7-Aug 
8-Aug 
9-Aug 
10-Aug 
1 1 -Aug 
12-Aug 
13-Aug 
14-Aug 
1 5-Aug 
I6-Aug 
I7-Aug 
I8-Aug 
1 9 - A u ~  
2 0 - A u ~  
2 1 -Aug 



Appendix A.33. Yrntna liivcr norlh balk  sonar Z ~ L I I I ~ S  by hour, 7 July Ihrough 21 August 1998 

l ) ~ ~ l y  ( h 1 1  

Date 1 2 3  4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 21) 21 22 23 24 I 'l'r~t.11 



Appendix A.33 (13.2 o f 2 )  

Counts  by IIour 

I).~ily Cuni  

Date 1 2 3 4 5  6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 I I  ' I 'uhl  



Appendlx A 34 Yentntl River south bank sonar counts by h o ~ u ,  7 July through 21 August 1998 

Counts by Hour 



Appendix A.34. (p.2 01'2) 

Counts by IIour  



Apperidis A.35. Yeutna River north b a l k  sonar counts by  hour, 7 July  through 21 August 1998. Counts expressed as percentage of daily totill 

Counts by Haul- 
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Counts by Hour 



Appendix A.36. Yentna River south bank sonar counts by hour, 7 July though 21 August 1998. Counts expressed as percentage of d d y  total 

Counts by Hour 
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Appzndis A.37. Yzntna River north bank sonar counts b? szctor. 7 July through 21 August 1998 

Date 

7-Jul 

8-Jul 
9-Jul 

10-Jul 
1 I-Jul 

12-Jul 
13-Jul 

14-Jul 
15-Jul 
16-Jut 

17-Jul 
18-Jul 

19-Jul 
20-Jul 
21-Jul 

22-Jul 
23-Jul 
24-Jul 
25-Jul 
26-Jul 

27-Jul 
28-Jul 
29-Jul 
30-Jul 
3 1-Jul 

1-Aug 
2-Aug 
3-Aug 
4-Au_e 
5-Aug 

6-Aug 
7-Aug 

8-Aug 
9-Aug 
10-Aug 

1 1-Aug 
12-Aug 
13-Aug 

14-Aug 

15-Aug 

16-Aug 

17-Auug 
18-Aug 
1 9-Au g 
20-Aug 

21-Aug 

Total 

Counts hy  Sector 

Da11v Cum 

9 10 11 12 Total Total 



Appendix A.38. Yentna River south bark  sonar counts b y  sector. 7 J u l  through 21 Ausust 1998 

Counts b y  Sector 

Daily Cum 
Date 1 2 5 J 5 6 7 8 9 10 11 12 Total Total 

7-Jul 
8-Jul 
9-Jul 
10-Jul 
I I-Jul 

12-Jul 
13-Jul 
14-Jul 
15-Jul 
16-Jul 

17-Jul 
18-Jul 
19-Jul 
20-Jul 
21-Jul 

22-Jul 
23-Jul 
24-Jul 
25-Jul 
26-Jul 

27-Jul 
28-Jul 
29-Jul 
30-Jul 
3 1-Jul 

I-Aug 
2-Aug 
3-Aug 
4-Aug 
5-Aug 

6-Aug 
7-Aug 
8-Aug 
9-Aug 
10-Aug 

I I-Aug 
12-Aug 
13-Aug 
14-hug 
15-Aug 

16-Aug 
17-Aug 
18-;lug 
19-;lug 
20-Aug 

21-Aug 

Total 



Appendix A.39. Yentna River north bark  sonar counts b\. sector. 7 July through 21 August 1998. 
Counts expressed as percentage of daii). total. 

Counts bk- Sector 

Dail? 
Date 1 3 3 -1 5 6 7 s  9 10 11 12 Total 

7-Jul 
8-Jul 
9-Jul 
10-Jul 
11-Jul 

12-Jul 
13-Jul 
14-Jul 
15-Jul 
16-Jul 

17-Jul 
18-Jul 
19-Jul 
20-Jul 
21-Jul 

22-Jui 
23-Jul 
24-Jul 
25-Jul 
26-Jul 

27- Ju 1 
28-Jul 
29-Jul 
30-Jul 
3 1-Jul 

1-Aug 
2-Aug 
3-Aug 
4-.4us 
5-Aug 

6-Aug 
7-Aug 
8-Aug 
9-Aug 
10-Aug 

11-Aug 
12-Aug 
13-Aug 
14-Aug 
15-Aug 

16-Aug 
17-Aug 
18-Aug 
19-Aug 
20-Aus 

21-Aug 

Total 



Appendix A.40. Ycntna k v e r  south bank sonar counts h!. sector. 7 July through 21 August 1998. 
Counts cx~ressed as percentaee of dail! total. 

Counts by Sector 

Dad!- 
Date 1 2 3 4 5 6 7 Y 9 10 11 12 Total 

7-Jul 
8-Jul 
9-Jul 
10-Jul 
1 1-Jul 

12-Jul 
13-Jul 
14-Jul 
15-Jul 
16-Jul 

17-Jul 
18-Jul 
19-Jui 
20-Jul 
21-Jul 

22-Jul 
23-Jul 
24-Jul 
25-Jul 
26-Jul 

27-Jul 
28-Jul 
29-Jul 
30-Jul 
3 1-Jul 

1 - . b u g  

2-Aug 
3-Aug 
4-Aug 
5-Aug 

6-Aug 
7-Aug 
8-Aug 
9-Aug 
10-Aug 

1 1-Aug 
12-Aue 
13-Aug 
14-Xug 

15-Aug 

16-Aug 
17-Aug 
18-Aug 
19-Aug 
20-Aug 

21-Aug 

Total 
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